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ABSTRACT 



o 



This is the first paper of a series on the investigation of stellar population prop- 
erties and galaxy evolution of an observationally homogeneous sample of early-type 
galaxies in groups, field and isolated galaxies. 

Here we present high signal-to-noise long-slit spectroscopy of 86 nearby elliptical 
and SO galaxies. Eight of them are isolated, selected according to a rigorous criterion, 
which guarantees a genuine low-density sub-sample. The present survey has the advan- 
tage of covering a larger wavelength range than normally found in the literature, which 
' includes [O in] A5007 and Ha, both lines important for emission correction. Among 

the 86 galaxies with S/N ^15 (per resolution element, for r e /8 central aperture), 
57 have their H/3-index corrected for emission, the average correction is 0.190 A in 
H/3; 42 galaxies reveal [O in] A5007 emission, of which 16 also show obvious Ha emis- 
sion. Most of the galaxies in the sample do not show obvious signs of disturbances 



Of 



nor tidal features in the morphologies, although 11 belong to the Arp catalogue of 
£j ! peculiar galaxies; only three of them (NGC 750, NGC 751, NGC 3226) seem to be 

strongly interacting. We present the measurement of 25 central line-strength indices 
calibrated to the Lick/IDS system. Kinematic information is obtained for the sample. 
We analyse the line-strength index vs velocity dispersion relations for our sample of 
mainly low density environment galaxies, and compare the slope of the relations with 
r> | cluster galaxies from the literature. Our main findings are that the index-ao relations 

^ ■ presented for low-density regions are not significantly different from those of cluster 

E/SOs. The slope of the index-ao relations does not seem to change for early-type 
galaxies of different environmental densities, but the scatter of the relations seems 
larger for group, field and isolated galaxies than for cluster galaxies. 

Key words: galaxies: stellar content - galaxies: abundances - galaxies: elliptical and 
lenticular - galaxies: nuclei - galaxies: kinematics and dynamics 



1 INTRODUCTION 

The standard paradigm for galaxy formation is one of hi- 
erarchical clustering and subsequent merging to form pro- 
gressively larger galaxies (White & Rees 1978). All galaxies 
are located within dark matter halos, and the properties of 
galaxies depend on the assembly history of these dark mat- 
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ter halos and hence their environment. This process has been 
modelled by semi-analytical methods (e.g. Baugh et al. 1998; 
Kauffmann et al. 1999; Somerville & Primack 1999) and 
by hydrodynamical simulations (e.g Cen & Ostriker 1992; 
Pearce et al. 1999; Berlind et al. 2003). For example, Kauff- 
mann & Chariot (1998) predict that galaxies in low density 
environments are younger (in a luminosity weighted sense) 
on average than those in clusters as they have a more ex- 
tended merger history. They also predict that massive ellip- 
ticals are younger than smaller ones, again due to merger- 
induced star formation. Quantitative predictions depend on 
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the details of the gas physics and feedback processes (e.g. 
Kay et al. 2002; Kauffmann et al. 2004). High quality data 
already exists for the cluster ellipticals, thus determining 
the ages and metallicities of field and group ellipticals is a 
key test of the HCM paradigm (Gonzalez 1993; Bower et al. 
1998; Trager et al. 2000a,b; Kuntschner 2000; Terlevich & 
Forbes 2002; Chiosi & Carraro 2002; Kuntschner et al. 2002; 
Willis et al. 2002). 

In an effort to disentangle the degeneracy of age and 
metallicity effects on the gross properties of stellar popu- 
lations, Worthey (1994, 1997) developed a series of stellar 
population spectral synthesis models. He showed that cer- 
tain predominantly age (i.e. H/?, H7) and metallicity (i.e. 
Fe, [MgFe]) sensitive spectral absorption features can break 
the degeneracy, and the luminosity weighted mean ages and 
metallicities can be determined. In a study of bright galaxies 
in the Fornax cluster, Kuntschner & Davies (1998) showed 
that, as predicted by the high z studies, the cluster ellipti- 
cals are indeed uniformly old, and span a range in metal- 
licities. However, earlier studies of field (and loose group) 
ellipticals (Gonzalez 1993; Trager 1997) seem to show just 
the opposite, displaying a uniform metallicity, but spanning 
a range in ages. This suggests the possibility of an environ- 
mental dependence of the colour- magnitude relation (CMR), 
or maybe two completely different mechanisms operating in 
cluster and field environments, conspiring to produce sim- 
ilar CMRs. The universality of the CMR from cluster core 
to the field environments, and its interpretation as a metal- 
licity sequence, is fundamental to its placing a limit on the 
formation epoch of cluster elliptical galaxies to z > 1 (e.g. 
Bower, Lucey & Ellis 1992). If there is in fact a conspiracy 
between age and metallicity producing a tight CMR, this 
limit could be significantly loosened. 

We have carried out a large and observationally homo- 
geneous survey of local early-type galaxies in low density en- 
vironments with the aim of determining nuclear parameters, 
kinematic, age and metallicity gradients. This will help to 
infer whether the central values represent a small localised 
starburst or whether the whole galaxy was involved. The 
spectra, when combined with existing photometry, will allow 
us to investigate scaling relations such as the fundamental 
plane, Mg-a and colour-magnitude relations for field galax- 
ies, and directly compare how these relations agree with 
galaxy formation histories, from their mean ages and metal- 
licities. The luminosity weighted mean ages and metallicities 
of these galaxies will also allow us to directly test fundamen- 
tal predictions of hierarchical models for structure formation 
in the universe. The emission line data will allow the dis- 
crimination among the different ionization mechanisms and 
provide information about the kinematical status of the ion- 
ized gas. In this paper we present the data, central measures 
and comparisons with previous work. 

The paper is divided as follows. In Section 2 we de- 
scribe the sample selection, and Section 3 details the obser- 
vations and data reduction procedures. Section 4 describes 
the transformation of spectral index measurements to the 
Lick/IDS system, an improved method for emission correc- 
tion of the Balmer line indices, and the derivation of errors 
from repeated measurements. We explain the determination 
of kinematical properties and errors in Section 5. Section 6 
presents the finally corrected line-strength indices. In Sec- 
tion 7 we analyse the index vs central velocity dispersion 



relations. Our results are summarized in Section 8. Comple- 
mentary information about the sample and fully corrected 
Lick indices are presented in Appendices A and B. 



2 SELECTION OF GALAXIES 

We have selected early-type galaxies that lie in relatively low 
density environments, i.e., in loose groups (56), the general 
field (19) and truly isolated galaxies (8). However, we also 
observed 3 Virgo cluster galaxies, to complete a total of 86 
galaxies. The objects are distributed all over the sky but 
with strong concentrations around the galactic poles and 
away from the galactic plane. Galaxies in groups come from 
the group catalogue of Garcia (1993). 

Eight galaxies were classified as truly isolated by Reda 
et al. (2004). Below, we describe briefly how isolated galaxies 
were selected. By using the Lyon-Meudon Extragalactic Data 
Archive (LEDA) of ~100,000 galaxies, the following criteria 
were applied: 

• Morphological type T ^ —3 

• Virgo corrected recession velocity V < 9000 km s _1 , 

• Apparent Magnitude Bt ^ 14.0. 

This produced 330 galaxies which could be considered 
as potential isolated galaxies. The galaxies were compared 
to the rest of the catalogue and accepted as being isolated 
if they had no neighbours which were: 

• within 700 km s _1 in recession velocity, 

• within 0.67 Mpc in the plane of the sky (assuming Ho = 
75 km s- 1 Mpc" 1 ), 

• less than 2 magnitudes fainter in Bt- 

Lastly, in the process of determining isolated objects, 
all galaxies were checked visually on the Digitised Sky Sur- 
vey (DSS) images to ensure no near projected galaxy. This 
produced a final list of 40 early-type isolated galaxies; in 
this work we have obtained spectra of 8 of them. 

By exclusion, non-cluster galaxies which are not associ- 
ated with groups and also not identified as isolated galaxies 
are then assumed to lie in the general field. 

The Tully (1987) local density parameter p is available 
for about 3/4 of our sample. Values range from 0.08 (iso- 
lated) to 3.99 (a Virgo galaxy). The sample also shows a 
good overlap with the Lick/IDS system, with 59 galaxies in 
common (Trager et al. 1998). 



3 OBSERVATIONS AND DATA REDUCTION 

Long-slit spectra have been obtained, during five different 
runs, accounting for a total of 30 nights, at the 2.12 m tele- 
scope of Observatorio Astrofisico Guillermo Haro (OAGH), 
in Cananea, Mexico. The telescope is equipped with a Boiler 
& Chivens spectrograph and a Tek 1024 pix 2 CCD camera. 
Parameters of the observations are reported in Table 1. We 
have obtained spectra in two wavelength ranges (blue and 
red), covering a total range from ~ 3850 A to ~ 6700 A. Two 
300 lines mm -1 grating blazed at 4650 A and 5900 A (for 
the blue and red wavelength ranges, respectively) yielded a 
dispersion of 65 A mm -1 on the spectrograph CCD, i.e., 
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Figure 1. Typical spectra of two stars and five galaxies. The top panel shows the spectra in the blue wavelength range, the bottom 
panel presents the red wavelength range. All spectra are flux calibrated using standard Okc (1990) stars. The galaxy spectra are redshift 
corrected and represent the nuclear r e /8 extraction. 
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an instrumental dispersion of ~ 1.6 A/pixel. Typically, ex- 
posure times were between 300 to 1200 seconds per galaxy 
frame. Total exposure times were chosen to obtain S/N > 40 
per A at 5000A. The slit has been centred on the nucleus and 
oriented along the major axis for most of the galaxies. We 
observed the galaxies close to minimum zenithal distance in 
order to minimize differential refraction effects. Some neigh- 
bouring galaxies have been observed along the line connect- 
ing their nuclei. Instrumental resolution of ~6 A (FWHM) 
was achieved with a slit width of 1.5 arcsec. Table 2 presents 
the detailed listing of the galaxy observations. The seeing 
was generally better than 2.0 arcsec. Additionally we ob- 
served 46 different standard stars (mainly K-giants) to be 
used as templates for velocity dispersion measurements, and 
for calibration of the line-strength indices to the Lick/IDS 
system (Gonzalez 1993). Six spectrophotometric standard 
stars were also taken to enable flux calibration. At least two 
different spectrophotometric standard stars were observed 
per night. Table 3 lists all observed stars with their spec- 
tral types (obtained from SIMBAD, operated by CDS, Stras- 
bourg). In addition, a bona fide elliptical galaxy, NGC 3379, 
was observed in every run to serve as a link galaxy for the 
measurement of indices and velocity dispersion between the 
different observing runs. 

All data reduction was performed using packages in 
IRAF. Each frame has been treated separately. Initial reduc- 
tion of the CCD frames involved overscan correction, bias 
subtraction, the removal of pixel-to-pixel sensitivity varia- 
tions (using dome flat exposures) , and correction for uneven 
illumination along the slit (using twilight sky exposures). 
Careful wavelength calibration was performed using He-Ar 
or Fe-Ar lamp exposures. For the blue wavelength range ob- 
servations (~3850-5450 [A]), He-Ar lamps were taken before 
and after each exposure to achieve an accurate wavelength 
calibration. For the red wavelength range (~5100-6700 [A]), 
we followed the same procedure using Fe-Ar lamps. A linear 
fit between pixel number and wavelength for ~30 arc lines 
gave an rms calibration error <0.1 A in most cases. The 
galaxy frames were then corrected for atmospheric extinc- 
tion, and afterwards, the continuum shape of the spectra 
was corrected to a relative flux scale with the help of the 
spectrophotometric standard stars. The cosmic rays were 
cleaned with the task crmedian, which detects cosmic rays 
from pixels deviating by a 3-sigma level from the median 
at each pixel. Sky subtraction was then performed in each 
frame and finally, we used the task apall to extract ld- 
spectra. We have extracted the central r e /8 (r e is the effec- 
tive radius^) from all galaxy frames, and these extractions 
will be used as our standard nuclear observations. A sample 
of seven typical spectra is shown in Figure 1. 

The signal-to-noise ratio (S/N) per resolution element 
(resolution element = 6 A FWHM) of individual 1-D galaxy 
extractions ranges from 9 to about 100. The signal-to-noise 
was estimated assuming Poisson statistics, y/N, where N is 
the number of photon counts. The gain of the CCD, as pre- 
sented in Table 1, is 1.85 e~/ADU, and therefore the mean 
number of counts in the spectra was multiplied by the gain 
to obtain the photon statistics. The S/N measurement was 
performed in regions of ~ 120 A encompassing the continua 

t Effective radii are from Trager et al. 2000b and RC3. 



Table 1. Instrumental set-up. 



Telescope 


OAGH 2.12 m, 


Cananea, Mexico 




Blue 


Red 




Spectral range [A] 


ooou-o^±ou 


O-LUU-U I UU 


LJate oi obscrv3.tr ions 


2000 Mar 25-29 


2000 Mar 30-31 




2000 Apr 01-02 


2000 Apr 03 




2000 Oct 20-26 


2001 Mar 27-29 




2001 Oct 13,18-19 


2001 Oct 14-17 




2002 Apr 08 


2002 Apr 06-07 


Spectrograph 


"R St 

r> U 


D f, p 
D & O 


Detector 


f'pfi Tnh- 1 fiOA 
\_> \j LJ 1CK lUZ^t 


\_jKjLJ IKK lUZ^t 


vjrain le /ajjuj 


l.OO 


1 OK 
l.OO 


Read-out- noise [e~ rms] 


3.7 


3.7 


Pixel size [/tm 2 ] 


24 


24 


Spatial scale ["/pixel] 


0.44 


0.44 


Slit length ['] 


3 


3 


Slit width ["] 


1.5 


1.5 


Grating [lines/mm] 


300 


300 


Dispersion [A/pixcl] 


~1.6 


~1.6 


Resolution [A] 


-6 


~6 


Seeing [arcsec] 


1.5-2 


1.5-2 



of Mg2 index or the continua of Ti02 index, for the blue or 
red spectra, respectively. 

We have only performed equivalent width measure- 
ments in spectra with S/N ^ 15 per resolution element. We 
opted to work with the galaxy frames separately to avoid any 
possible wavelength mismatch when combining the frames. 
This decision offers statistical advantages as we are work- 
ing with ~ 700 spectral frames of S/N ^ 15 (per resolu- 
tion element) for a sample consisting of a total of 86 dif- 
ferent galaxies (total of 8 frames/galaxy on average, where 
4 frames are in the red wavelength range and 4 frames in 
the blue spectral range, in general). The line-strength in- 
dex measurements were therefore performed in all spectra 
separately and later averaged for each galaxy. 

The median S/N per frame is ~ 40 per resolution ele- 
ment (Figure 2). The effective S/N per galaxy can then be 
estimated as, approximately, the square-root of the number 
of frames per galaxy times the median S/N per frame, i.e., 
effective S/N per galaxy in the blue or red spectral range 
(average of 4 frames per galaxy per spectral range) « \fix 
40 ~ 80 per resolution element. 

Finally, we refer to the data in this paper as the OAGH 
sample. 



4 LICK INDICES 

Absorption line indices in the visual as defined by the Lick 
group (e.g., H/3, Mg 2 , Fe5270, Fe5335, etc, Burstein et al. 
1984; Faber et al. 1985) have proven to be a useful tool for 
the derivation of ages and metallicities of unresolved stellar 
populations. 

Our spectra cover the 21 Lick indices defined in Faber 
et al. (1985) and Worthey et al. (1994), and the subse- 
quent four Balmer indices (H<5a,f, Hja,f) first presented 
in Worthey & Ottaviani (1997). The indices are calculated 
by the standard equations: 
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Table 2. Log of observations: galaxies. 



Galaxy 


Classification 


B7 1 


Exp. 


[sec] 


PA 


Galaxy 


Classification 


B7 1 


Exp. 


[sec] 


PA 






[mag] 


Blue 


Red 


[°] 








[mag] 


Blue 


Red 


[°] 


ESO 462-G015 


E3 


12.95 


3600 


6300 


166 


NGC 


3599 


SAO 


12.82 


9600 


3600 


20 


MCG -01-02-018 


(R')SA(r)0 


14.23 


3600 


3600 


170 


NGC 


3607 


SAO 


10.82 


2700 


2700 


120 


NGC 0016 


SAB0 


13.00 


3600 


2700 


20 


NGC 


3608 


E2 


11.70 


3600 


2700 


75 


NGC 0221 


cE2 


9.03 


3600 


2700 


90 


NGC 


3610 


E5 


11.70 


3600 


3600 


130 


NGC 0315 


E+ LINER-Syl 


12.20 


5400 


2700 


55 


NGC 


3613 


E6 


11.82 


3600 


1800 


102 


NGC 0474 


SA(s)0 


12.37 


4800 


2700 


90 


NGC 


3636 


E0 


12.82 


4800 


2400 


90 


NGC 0584 


E4 


11.44 


3600 


2700 


55 


NGC 


3640 


E3 


11.36 


3600 


2400 


100 


NGC 0720 


E5 


11.16 


2700 


2700 


140 


NGC 


3665 


SA(s)0 


11.77 


3600 


1800 


130 


NGC 0750 


E pec 


12.89 


4800 


3600 


166 


NGC 


3923 


E4-5 


10.80 


1200 


2700 


45 


NGC 0751 


E pec 


13.50 


4800 


3600 


166 










1200 




90 


NGC 0777 


El 


12.49 


3600 


4800 


155 


NGC 


3941 


SB(S)0 Sy2 


11.25 


3600 


1800 


90 


NGC 0821 


E6 


11.67 


2700 


2700 


32 


NGC 


4125 


E6 pec LINER 


10.65 


4800 


1800 


80 


NGC 0890 


SAB(r)0 


12.20 


3600 


2700 


140 


NGC 


4261 


E2-3 LINER 


11.41 


3600 


900 


90 


NGC 1045 


SAO pec 


13.52 


3600 


2700 


40 


NGC 


4365 


E3 


10.52 


3600 


2700 


40 


NGC 1052 


E4 LINER-Sy2 


12.08 


2700 


2700 


122 


NGC 


4374 


El LINER 


10.09 


1800 


900 


90 


NGC 1132 


E 


13.25 


3600 


6300 


140 


NGC 


4494 


El-2 


10.71 


3600 


1800 


180 


NGC 1407 


E0 


10.70 


2700 


1800 


180 












1800 


90 


NGC 1453 


E2-3 


12.77 


3600 


2700 


45 


NGC 


4550 


SB0 


12.56 


3600 


1800 


90 


NGC 1600 


E3 


11.93 


3600 


2700 


15 










1200 




35 


NGC 1700 


E4 


12.20 


2400 


6300 


90 


NGC 


4754 


SB(r)0 


11.52 


3600 


1800 


115 


NGC 1726 


SA(s)0 


12.66 


4500 


5100 


180 


NGC 


5322 


E3-4 LINER 


11.14 


4800 


3600 


95 


NGC 2128 


SO 


13.60 


8400 


7200 


140 


NGC 


5353 


SO 


11.96 


4800 


4800 


180 


NGC 2300 


SAO 


12.07 


9900 


9900 


180 


NGC 


5354 


SAO LINER 


12.33 


4800 


3600 


90 


NGC 2418 


E 


13.16 


7500 


6600 


50 


NGC 


5363 


10 LINER 


11.05 


5400 


2700 


135 








2700 




35 


NGC 


5444 


E+ 


12.78 


4800 


2400 


67 


NGC 2513 


E 


12.59 


8400 


3600 


90 


NGC 


5557 


El 


11.92 


3600 


1800 


90 


NGC 2549 


SA(r) 


12.19 


3600 


1800 


90 


NGC 


5576 


E3 


11.85 


3600 


1800 


90 


NGC 2768 


SO LINER 


10.84 


3600 


1800 


180 


NGC 


5638 


El 


12.14 


3600 


1800 


170 








2700 




90 


NGC 


5812 


E0 


12.19 


4800 


2400 


90 


NGC 2872 


E2 


12.86 


4800 


2400 


110 


NGC 


5813 


El-2 


11.45 


7200 


5400 


145 


NGC 2911 


SAO pec s y 


12.50 


6000 


9300 


50 


NGC 


5831 


E3 


12.45 


6000 


2400 


90 


NGC 2974 


E4 


12.30 


3600 


2400 


135 


NGC 


5845 


E: 


13.50 


8400 


2400 


120 


NGC 3091 


E3 


12.13 


2700 


1800 


90 


NGC 


5846 


E0-1 LINER-HII 


11.05 


7200 


4500 


180 


NGC 3098 


SO 


12.89 


6000 


3600 


180 












1800 


90 


NGC 3115 


SO 


9.87 


2700 


2280 


135 


NGC 


5846A 


cE2-3 


14.10 


7200 


4500 


180 


NGC 3139 


SO pec 


15.00 


2700 


1800 


90 


NGC 


5854 


SB(s)0 


12.71 


4800 


3600 


155 


NGC 3156 


SO 


13.07 


4800 


2700 


40 


NGC 


5864 


SB(s)0 


12.77 


3600 


2400 


155 


NGC 3193 


E2 


11.83 


3600 


2700 


90 


NGC 


5869 


SO: 


12.91 


2700 


1800 


120 


NGC 3226 


E2 pec LINER 


12.30 


4800 


2400 


90 


NGC 


5982 


E3 


12.04 


3600 


1800 


114 


NGC 3245 


SA(r)0 HII-LINER 


11.70 


3600 


1800 


90 


NGC 


6172 


E+ 


13.83 


8400 


9900 


80 


NGC 3377 


E5-6 


11.24 


3600 


1800 


135 


NGC 


6411 


E 


12.79 


2700 


7200 


60 


NGC 3379 


El LINER 


10.24 


8100 


3600 


90 


NGC 


7302 


SA(s)0 


13.58 


4800 


6300 


100 








3600 


1800 


70 


NGC 


7332 


SO pec 


12.02 


6300 


5400 


155 


NGC 3384 


SB0 


10.85 


2700 


1800 


53 


NGC 


7454 


E4 


12.78 


3600 


2700 


148 


NGC 3412 


SB(s)0 


11.45 


3600 


1800 


45 


NGC 


7585 


(R')SA(s)0 pec 


12.50 


3600 


2700 


115 


NGC 3414 


SO pec 


11.96 


4800 


3600 


110 


NGC 


7619 


E 


12.10 


7200 


5400 


30 








2700 




25 


NGC 


7626 


E pec 


12.16 


7200 


5400 


90 



Classification and apparent magnitude (By) information from NED (2003). 



EW mag = -2.5 log \ _ x , (2) 
where 

Ar At Af} 

Xb and A r are the mean wavelength in the blue and red pseu- 
docontinuum intervals respectively. We have adopted the 



spectral pseudocontinua and bandpasses of the 25 Lick/IDS 
indices defined in Worthey et al. (1994) and Worthey & Ot- 
taviani (1997). 

The conversion between suitable equivalent widths 
(EW^) and magnitude indices is given by 

r , / „ - , /, Index\ 

Index' = -2.5 log 1 1 — j (4) 

where AA is the width of the index bandpass. 

In this work we will use the index combination [MgFe] 
defined in Thomas, Maraston & Bender (2003, TMB03. 
Note: in their paper this index is called [MgFe]', but we will 
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Table 3. Log of observations: stars. 



Star 


iype 






Star 


TVnp 

iype 


( t~l rVl YYY 

U 1 1 1 1 1 1 1_- 1 1 L 




HR 0166 


KOV 


Lick/IDS 


std 


HR 6770 


G8III 


Lick/IDS std 




HR 1015 


K3III 


Lick/IDS 


std 


HR 6806 


K2V variable 


Lick/IDS std 




HR 1907 


KOIIIb 


Lick/IDS 


std 


HR 6817 


K1III 


Lick/IDS std 




HR 2429 


K1III variable 


Lick/IDS 


std 


HR 6872 


K2III variable 


Lick/IDS std 




HR 2459 


K5III 


Lick/IDS 


std 


HR 7149 


K2III 


Lick/IDS std 




HR 2574 


K4III 


Lick/IDS 


std 


HR 7176 


K1III 


Lick/IDS std 




HR 2697 


K2III variable 


Lick/IDS 


std 


HR 7185 


B5IV 






HR 2854 


K3III 


Lick/IDS 


std 


HR 7317 


K4III 


Lick/IDS std 




HR 2970 


G9III 


Lick/IDS 


std 


HR 7480 


A3IV 






HR 3145 


K2III 


Lick/IDS 


std 


HR 7576 


K3III 


Lick/IDS std 




HR 3461 


K0III 


Lick/IDS 


std 


HR 7596 


A0III 






HR 3845 


K2.5III variable 


Lick/IDS 


std 


HR 7914 


G5V 


Lick/IDS std 




HR 3905 


K2III 


Lick/IDS 


std 


HR 7957 


K0IV 


Lick/IDS std 




HR 5370 


K3III variable 


Lick/IDS 


std 


HR 8165 


K1III 


Lick/IDS std 




HR 5480 


G7III variable 


Lick/IDS 


std 


HR 8430 


F5V 


Lick/IDS std 




HR 5744 


K2III variable 


Lick/IDS 


std 


HR 8665 


F7V 


Lick/IDS std 




HR 5854 


K2IIIb 


Lick/IDS 


std 


HR 8772 


F8V 


Lick/IDS std 




HR 5888 


G8III 


Lick/IDS 


std 


HR 8832 


K3V 


Lick/IDS std 




HR 5901 


KHVa 


Lick/IDS 


std 


HR 8841 


K0III 


Lick/IDS std 




HR 5940 


K1IV 


Lick/IDS 


std 


HR 8924 


K3III variable 


Lick/IDS std 




HR 6014 


K1.5IV 


Lick/IDS 


std 


HR 8969 


F7V 


Lick/IDS std 




HR 6018 


K1III-IV variable 


Lick/IDS 


std 


BD+25 4655 


?e... 


spec, std (Oke 


1990) 


HR 6136 


K4III 


Lick/IDS 


std 


BD+33 2642 


B2IVp 


spec, std (Oke 


1990) 


HR 6159 


K4III variable 


Lick/IDS 


std 


BD+75 325 


05p variable 


spec, std (Oke 


1990) 


HR 6299 


K2III variable 


Lick/IDS 


std 


Feige 34 


DA: 


spec, std (Oke 


1990) 


HR 6458 


GOV variable 


Lick/IDS 


std 


G 191-B2B 


DAw... 


spec, std (Oke 


1990) 


HR 6710 


F2IV 


Lick/IDS 


std 


Hz 44 


B2 


spec, std (Oke 


1990) 



Stellar type information from SIMBAD (2003). 




Signal-to-Noise 

Figure 2. Signal-to-noise ratio (per resolution element) for indi- 
vidual frames of our galaxy sample using r e /8 central extractions. 
Index measurements were only performed in spectra with S/N ^ 
15 per resolution element (as shown by the dashed line). 



Table 4. Adopted resolutions to 
match Lick/IDS. 



Wavelength [A] FWHM [A] 



~3850 - 


4200 


11.2 


4200 - 


4650 


9.2 


4651 - 


5150 


8.4 


5151 - 


5700 


8.4 


5701 - 


~6700 


9.8 



[MgFe] = y/Mgb ■ (0.72 • Fe5270 + 0.28 • Fe5335) (5) 

< Fe >= (Fe4383 + Fe5270 + Fe5335) /3 (6) 

Before measuring the indices, the galaxy spectra were 
convolved with gaussian curves in order to degrade their 
resolution to match the Lick/IDS data resolution. We have 
adopted the average values in the Lick/IDS resolution curve 
presented in Worthey & Ottaviani (1997). The values we 
used are summarized in Table 4. We assume that the 
Lick/IDS resolution continues to degrade to the blue and 
red end, where we extrapolated the wavelength limits from 
Worthey & Ottaviani (1997). 



adopt simply the notation [MgFe] for their same definition) , 
and given by equation 5, which should be completely inde- 
pendent of a/Fe variations, according to their models. We 
also use the index <Fe> as the average given by equation 6 
(defined by Kuntschner 1998): 



4.1 Index errors 

A central aspect of this work is that the determination of 
the errors in all measured and derived parameters is based 
on the analysis of the distribution of repeated observations. 
We consider that the determination of errors through 
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multiple observation is more reliable than estimates based on 
photon statistics of object and sky, detector noise, flat field 
errors, etc (e.g., Cardiel et al. f998). This is because in the 
repeated observations all main sources of random error are 
included by default. Furthermore, no assumption about the 
error distribution function shape is necessary to determine 
its moments. 

Care was taken in order to observe our sample of galax- 
ies repeatedly and whenever possible in different nights or 
runs. Only galaxies with a minimum of 3 independent ob- 
servations are included in our sample. 

We will consider throughout the paper that the error of 
the mean (o- mean , resulting from the repeated measurement 
of indices in the various galaxy and stellar frames) is: 
s 

with, 



(?) 



N 



zrjJ2^ Xi ~ < x >)2 



(8) 



where N is the number of frames per galaxy, Xi is the line- 
strength measurement in the spectrum i, <x> is the mean 
of the measurements for a galaxy, and s is the standard 
deviation. 

We must emphasize that all error determinations origi- 
nated from photon counts, spectral noise, etc, are mere error 
estimates; the measurement of an error is by definition ob- 
tained through repeated experiments. In this work we are 
presenting data which have the rare advantage of several re- 
peated observations (measurements) per galaxy. On average, 
to each galaxy we have eight corresponding spectral frames. 
Therefore, for all the following analysis we will use a mean as 
our error. 

Finally, for clarity purposes, all the errors presented in 
this paper (not only for the indices, but for all other mea- 
surements) are 1-sigma errors. 

4.2 Emission corrections 

Emission lines can be seen in many ellipticals at some level. 
Spectroscopic surveys of early-type galaxies revealed that 
about 50-60% of the galaxies show weak optical emission 
lines (Phillips et al. 1986; Caldwell 1984). The origin of the 
gaseous component in ellipticals is not yet understood. It 
could be either of external origin, for example from a cooling 
flow or from a merger with a small gas rich galaxy; or it could 
be of internal origin, resulting from stellar mass loss. 

The emission-line spectra of giant elliptical galaxies are 
usually similar to those of LINERs (Low-Ionization Nuclear 
Emission Regions), where the ionization is provided by an 
energetic radiation from the nucleus, usually in the form of a 
power law. However, Filippenko & Terlevich (1992), Binette 
et al. (1994) and Colina & Arribas (1999) showed that post- 
AGB stars from the old stellar population of an early-type 
galaxy can also provide sufficient ionizing radiation to ac- 
count for the observed Ha luminosity and equivalent width. 

More important for this study is that stellar absorp- 
tion line-strength measurements can be affected if there is 
emission present in the galaxy, which fills the stellar absorp- 
tions. In particular, the Balmer line indices used for age- 



dating stellar populations can be severely affected if there is 
emission, leading to wrong age estimates. Gonzalez (1993) 
proposed an empirical emission correction for H/3 using the 
equivalent width of the emission line [O ill] A5007 (AH/3 = 
0.6 x [Om] A5007, as in Trager et al. 2000a). This turns out 
to be a very insecure correction because the emission spectra 
of Hn regions are strong in Hi recombination lines, but the 
strength of [O ill] A4959 and [O in] A5007 lines can greatly 
differ (Osterbrock 1989; Carrasco et al. 1996). We note how- 
ever, that on average Gonzalez corrections are shown to be 
appropriate (Trager et al. 2000a). 

Unfortunately, most early-type galaxies that show signs 
of emission lines are discarded from further spectral analysis 
in the literature, due to small wavelength coverage of the 
data (i.e. emission lines important to estimate corrections 
are not available) or the lack of a reliable emission correction 
technique. Our OAGH spectra instead, with the availability 
of the Ha line information, allow us to use a direct method 
for emission correction. 

In our sample, of the 64 galaxies showing some emis- 
sion, 29 have a final H/3 correction > 0.2 A. Twelve galaxies 
(NGC 2911 and NGC 3941 classified as Seyferts and 10 LIN- 
ERs) have been corrected using the Ha emission correction. 

Table 5 presents the emission-line index definitions used 
here for Ha, [Nil] A6584 and [Om] A5007. These definitions 
work exactly as those of the Lick indices, with a central 
bandpass flanked by two pseudocontinua. 



4-2.1 Balmer lines 

Balmer line indices sense mainly the temperature of the turn 
off point from the main sequence and thus allow an age es- 
timate of the integrated stellar population (e.g., Buzzoni et 
al. 1994). Note that the turn off temperature is also a func- 
tion of metallicity and therefore the strength of the Balmer 
absorption is not only a function of age but also a func- 
tion of metallicity (although to a smaller degree). In reality, 
the behaviour of Balmer lines at high metallicities seems to 
be uncertain. For example, Gregg (1994) found, analysing a 
sample of globular clusters, that the strength of the Balmer 
lines is only poorly correlated with metallicity above [Fe/H] 
= -0.7. There are some concerns that stars from other evo- 
lutionary phases (e.g., horizontal branch, HB) might con- 
tribute significantly to the Balmer absorption. A study of 
globular clusters by de Freitas Pacheco & Barbuy (1995) 
showed that blue HB stars may give a substantial contri- 
bution to the H/3 absorption (note that the higher order 
Balmer lines are more strongly affected by HB-contribution 
than H/3; e.g., Peterson et al. 2003). Furthermore, they sug- 
gest that the HB morphology is correlated with the degree of 
central concentration in the globular cluster. Whether ellip- 
tical galaxies are subject to these effects is not yet known. 
Maraston & Thomas (2000) have attempted to model the 
effect of HB morphology by calibrating the Balmer indices 
with globular cluster sample from Burstein et al. (1984), 
Covino et al. (1995) and Trager et al. (1998). In Maraston 
et al. (2003) it can be appreciated a good consistency be- 
tween Balmer-line indices from models and observations. It 
is essential, however, to firstly correct the emission contam- 
ination in the Balmer indices before applying model pre- 
dictions. Widely used in the literature, we are particularly 
interested in the H/3 index. 
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Table 5. Emission index definitions. 



Index 



Central bandpass Pscudocontinua 



[Om] A5007 


4998.000-5015.000 


4978.000- 


-4998.000 






5015.000- 


-5030.000 


Ha 


6558.000-6568.000 


6372.000- 


-6415.000 






^red — 


6620.000 


[Nn] A6584 


6574.000-6594.000 


6372.000- 


-6415.000 






^red 


6620.000 



EC(Hf3) = - — ■ [EW(Ha)tot - EW(Ha) abs 

y 



where 



Ca 



Cont(Ha) 
AAq, 



and Cp 



Cont(Hf3) 



(9) 



(10) 



Eq. 9 was derived assuming the following simplified defini- 
tion for equivalent width: 



EW(X)tot = 1 - 



F(\)tot 
Cont(X) 

where 

F(X)tot = F(\) em + F(X) abs 
and 

F(Ha) em = yx F(Hf3) em- 



AA, 



(11) 



(12) 



(13) 



Cont(Ha) and Cont(H/3) are the continua calculated for Ha 
and H/3 indices respectively. We assumed y = 2.85 for most 
galaxies (Osterbrock 1989, Case B of recombination, low 
density limit at electron temperature of 10 4 K). In the equa- 
tions above, the subscript tot stands for total observed val- 
ues, em and abs are emission and absorption, respectively. 
EC(Hf3) is the emission correction in Angstroms for H/3. We 

have assumed EW(Ha) abs = 1.03 ± 0.08 A\ derived from 
EW(Ha) measurements in our sample of mainly K stars. 
Note that the uncertainty in EW(Ha) a bs takes into account 
how much a reasonable range of values for EW(Ha) in ab- 
sorption would change the correction. 



t ± 0.08 represents the peak to peak range of 
measurements. Ideally this value should be obtained also 
from spectral synthesis simulations but there is no 
simulation yet published with resolution high enough at 
Ha to do this estimate. 



EW(Ha) aba = 0.95 A 



EW(Ha) abs = 



6 - 



Note: We have assumed that the averaged flux calculated in the blue 
pscudocontinua for Ha and [N II] is equal to the averaged flux in the 
red continua, because in general the spectra did not have enough 
wavelength coverage to measure the red pscudocontinua for Ha and 
[N n] . The central wavelength in the red used for the computation of 
equivalent widths was 6620 A. 

Although the H/3 index is potentially a good age indi- 
cator, is the Balmer line more affected by the presence of 
nebular emission after Ha, and if not corrected will cause a 
galaxy to appear older than it really is. 

As our wavelength range covers the Ha line, we have 
corrected H/3 using EC (H/3) (which stands for Emission Cor- 
rection of the H/3 index): 



-2 -1.5 
EC(H/3) [A] 



Figure 3. Histogram of emission correction EC(H/3) assuming 
two different values for EW(Ha) abs . When we take EW(Ha) abs 
= 0.95 A the emission correction is in general less than 0.1 A 
smaller than for EW(Ha) abs = 1.11 A. The average value for 
EW(Ha) abs used throughout the paper is 1.03 ± 0.08 A. 



We have corrected the Balmer lines using the term 
EC(Hf3) . The actual correction has been applied to all but 
9 galaxies, for which the correction calculated is very small 
and consistent with zero, and the errors of the correction are 
larger than the correction itself. 

In Figure 3 we show how much the emission correction 
from eq. 9 would change if we assumed EW(Ha) abs = 0.95 
A or EW(Ha) ab3 = 1.11 A. The difference in the emission 
correction for both EW(Ha) abs values is generally smaller 
than 0.1 A. But this difference is for an extreme variation 
of EW(Ha) abs and must be regarded as an upper limit. 

In the expressions above, emission is considered to 
be negative and absorption positive, therefore \EC(H0)\ 
should be subtracted from EW(H/3)tot- In an attempt to 
compensate for reddening effects in eq. 9, we have assumed 
a value of 3.0 for the ratio of intensities F(Ha) em /F(H/3) em 
of a few dusty galaxies: NGC 2872, NGC 3226, NGC 4125, 
NGC 4494, NGC 5812, NGC 5813 and NGC 5846 
(e.g. Forbes 1991, Tran et al. 2001). The emission correc- 
tion to H/3 using the Ha line is presented in column 2 of 
Table 6. 

Trager et al. (2000a) have corrected the H/3 data for 
emission by subtracting 0.6 x [Om] A5007 emission to the 
H/3 index. This empirical correction is believed to be valid 
only in a statistical sense, and not accurate for individual 
galaxies. For comparative purposes, we have measured the 
[O ill] index as defined in Kuntschner et al. (2001) and de- 
rived the associated emission correction, which is listed in 
column 3 of Table 6. 

Comparing the different emission corrections, the Ha 
and the empirical [O ill] A5007 corrections, the difference 
is small for the majority of galaxies that show emission in 
the [O ill] A5007 forbidden line (see Figure 4-c). We empha- 
size that it is very dangerous to rely on the [O in] A5007 
alone because of the uncertainties in the ionization parame- 
ter (i.e., one should not assume the same [O ill] /H/3 ratio for 
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all galaxies). In principle, the Ha-based emission correction 
has less uncertainties than using [O ill] A5007. Note that the 
errors for the [O ill] correction in Table 6 are only the prop- 
agation of the error from the repeated measurements of the 
emission line [O ill] A5007: further errors are expected since 
the [O in] A5007/H/3 ratio may vary greatly from galaxy to 
galaxy. 

Figure 4 shows the difference between the two emission 
correction methods for H/3. Panels (a) and (b) demonstrate 
the effects of the emission correction in the H/3 vs [MgFe] 
plane. Panel (c) compares the H/3 index derived from the 
[Om] (i.e., H/3+EC [0lII] ) and Ha-based (i.e., R(3+EC Ha ) 
corrections. The Ha-based correction (EC Ha) is larger than 
the [O ill] one for most cases, the difference can be up to ~ 
1.0 A. 

Panel (d) shows the comparison between our measure- 
ments of [Om] and the values in Trager et al. (2000a). The 
agreement is generally good if we consider the error bars. 
Note however that we are using an index definition to mea- 
sure [O ill] (Table 5) whereas Trager et al. (2000a, TOOa) did 
not use the same definition. The data analysed in TOOa is 
actually a compilation of the data of Gonzalez (1993), where 
only the emission profile of the [O ill] line was measured. 

For the standard elliptical NGC 3379, the H/3 line index 
was found to be 1.33 ± 0.09 A (no emission correction in 
this value) by Kuntschner (1998), whereas we measure H/3 
= 1.40 ± 0.06 A ( raw value without emission correction). 
We have measured an emission correction of 0.10 ± 0.08 A 
using the Ha method, and Kuntschner detected ~ 0.12 A 
emission correction for NGC 3379 (using 0.6 x [O ill] A5007). 

The other Balmer-line indices, H7 and H5, were also 
corrected using the same procedure as in eq. 9, but assum- 
ing y-, = 2.85/0.468 ~ 6.09 or y s = 2.85/0.259 ~ 11.00 
for F(Ha) em /F(H7) em or F(Ha) em /F(H<5) em ratios, respec- 
tively (Osterbrock 1989; Case B of recombination, for elec- 
tron density n e < 10 3 and T e // = 10 4 K), and changing 
Cont(H/3) for Cont(H 7 ) or Cont(Hc5) accordingly. 

The galaxies NGC 1045 and NGC 1453, for which our 
spectra do not cover the Ha line, have been emission cor- 
rected for H/3 using the 0.6 x [O ill] A5007 approximation. 
In the same way, H7a,f and H(5a,f for these galaxies have 
been corrected by the approximated scalings 0.36 x [O ill] 
and 0.22 x [O in] , respectively, adopted in Kuntschner et 
al. (2002). 



4.2.2 Fe5015 

Emission can also occur in one of the side-bands of the 
Lick/IDS indices and raise the continuum which in turn 
gives larger index values. As pointed out by Kuntschner et 
al. (2002), the Fe5015 index is affected by [O ill] A5007 emis- 
sion in its central bandpass, and by [Om] A4959 emission 
in its blue continuum bandpass. These authors have derived 
a correction to Fe5015 by artificially adding spectral emis- 
sion and examining the effects on the Fe5015 index. We have 
used their result, where the index can be corrected by adding 
+0.61(±0.01) x [Om] A5007 to the Fe5015 measurement. 
This procedure has large uncertainties and therefore Fe5015 
measurements in ellipticals that show emission, either in Ha 
or [O ill] , should be considered with care. 
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Figure 4. Panels (a) and (b) demonstrate the effect of emis- 
sion correction in the H/3 vs [MgFe] plane: (a) no correction, (b) 
EC(H/3) correction applied (Table 6). The dotted lines are single- 
stellar population models from Thomas et al. (2003) for a range 
of ages and metallicities. Panel (c) compares the H/3 index derived 
with the [O III] and Ha-based corrections. Panel (d) presents the 
comparison between our measurements of [O in] A5007 and the 
values in Trager et al. (2000a, TOOa). The error bars on the top 
right corner of the plots are averages of the error of the mean. 
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Table 6. Emission corrections in Angstroms for the galaxies with detected emission lines in the central r e /8 aperture extractions. 



Galaxy EC(H/3) 0.6 X [O III] A5007 EW(Ha) w EW([Nll] A65S4) EC(H 7A ) EC(HS A ) 

(1) (2) (3) (4) (5) (6) (7) 



NGC 


0315 


-0 


.85 


± 





09 


-0. 


48 


± 


0. 


16 


-1.01 ± 0.02 












-0.71 ± 0.11 


-0.50 ± 0.11 


NGC 


0474 


-0 


11 


± 





.08 


-0. 


06 


± 


0. 


06 


0.77 ± 0.04 
















NGC 


0584 


-0 


.10 


± 





.08 












0.79 ± 0.01 


-0 


29 


± 0.02 






NGC 


0720 


-0 


09 


± 





08 












0.82 ± 0.02 
















NGC 


0821 


-0 


.13 


± 





.08 












0.71 ± 0.05 


-0.23 ± 0.08 






NGC 


1045 






* 






-0. 


32 


± 


0. 


08 


* 






* 










NGC 


1052 


-3 


.30 


± 





40 


-3 


23 


± 


0. 


09 


-6.89 ± 0.20 


-12.22 


± 0.18 


-2.75 ± 0.52 


-1.95 ± 0.54 


NGC 


1407 


-0 


22 


± 





.07 






- 






0.50 ± 0.03 


-0 


13 


± 





.01 


- 


- 


NGC 


1453 






* 






-0. 


48 


± 


0. 


08 








* 






* 


* 


NGC 


1600 


-0 


.23 


± 





.07 


-0. 


11 


± 


0. 


10 


0.49 ± 0.04 


-0 


.23 


± 





10 






NGC 


1700 


-0 


.16 


± 





.08 












0.64 ± 0.01 


-0 


.52 


± 





.01 






NGC 


1726 


-0 


.33 


± 





.09 


-0. 


21 


± 


0. 


12 


0.23 ± 0.15 


-0 


.87 


± 





.15 


— 




NGC 


2128 


-1 


.17 


± 





12 


-0. 


25 


± 





10 


-1.78 ± 0.05 


-3 


.88 


± 





.03 


-0.97 ± 0.16 


-0.69 ± 0.16 


NGC 


2300 


-0 


.07 


± 





.09 












0.88 ± 0.05 


-0 


.38 


± 





.12 






NGC 


2418 


-0 


.47 


± 





.07 


-0. 


43 


± 


0. 


06 


-0.09 ± 0.04 


-1 


.36 


± 





.04 


-0.39 ± 0.08 


-0.28 ± 0.08 


NGC 


2513 


-0 


.09 


± 





09 












0.82 ± 0.07 






_ 










NGC 


2549 


-0 


20 


± 





13 


-0. 


20 


± 


0. 


13 


1.26 ± 0.01 






_ 










NGC 


2768 


-0 


55 


± 





.07 


-0. 


54 


± 


0. 


11 


-0.29 ± 0.05 


-1 


.59 


± 





.07 


-0.46 ± 0.09 


-0.33 ± 0.09 


NGC 


2872 


-0 


11 


± 





.09 












0.77 ± 0.08 


-0 


.16 


± 





.08 






NGC 


2911 


-2 


.00 


± 





.23 


-1. 


32 


± 


0. 


14 


-3.77 ± 0.13 


-9 


.55 


± 





18 


-1.66 ± 0.29 


-1.18 ± 0.31 


NGC 


2974 


-0 


fifi 


± 





.08 


-0. 


75 


± 


0. 


09 


-0.56 ± 0.02 


-3 


.40 


± 





11 


-0.55 ± 0.09 


-0.39 ± 0.09 


NGC 


3091 


-0 


.15 


± 





.08 


-0. 


14 


± 


0. 


08 


0.67 ± 0.06 






_ 










NGC 


3098 


-0 


.19 


± 





11 


-0. 


19 


± 


0. 


11 


1.35 ± 0.01 






_ 










NGC 


3115 


-0 


10 


± 





.08 












0.80 ± 0.03 






_ 










NGC 


3139 


-0 


.03 


± 





.09 












0.95 ± 0.05 






_ 










NGC 


3156 


-0 


.29 


± 





.09 


-0. 


71 


± 


0. 


07 


0.33 ± 0.13 


-0 


.96 


± 





.02 






NGC 


3193 


-0 


09 


± 





.08 


-0. 


24 


± 





01 


0.81 ± 0.03 






_ 






- 


- 


NGC 


3226 


-0 


.97 


± 





10 


-1. 


69 


± 


0. 


05 


-1.29 ± 0.02 


-2 


.86 


± 





13 


-0.80 ± 0.13 


-0.57 ± 0.13 


NGC 


3245 


-0 


.75 


± 





.08 


-0. 


35 


± 


0. 


07 


-0.78 ± 0.02 


-1 


.64 


± 





.12 


-0.63 ± 0.10 


-0.45 ± 0.10 


NGC 


3377 


-0 


.01 


± 





04 


-0. 


01 


± 


0. 


04 


1.37 ± 0.02 






_ 










NGC 


3379 


-0 


10 


± 





.08 












0.80 ± 0.03 






_ 










NGC 


3414 


-1 


.02 


± 





11 


-0. 


96 


± 


0. 


07 


-1.42 ± 0.06 


-3 


.42 


± 





.08 


-0.85 ± 0.13 


-0.60 ± 0.14 


NGC 
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Notes: EC(A) was derived using EW(Ha) obs = 1.03 A (see eq. 9). The * symbol is used when Ha and/or [Nil] fell outside 
the wavelength limits of the spectra and could not be measured. The — symbol denotes no emission component detected 
(if EC(H/3) shows - it is because no emission was detected in Ha). The negative signs denote emission, therefore, the EC(A) 
corrections must be subtracted from the effective index measurement, e.g., H/3 correc t = H/3-EC(H/3). Columns 4 and 5 are 
EW(Hq) and EW([Nn] ) indices, measured in Angstroms, and defined in Table 5. 
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5 KINEMATICS 

Estimates of the galaxy central velocity dispersion ao and 
radial velocity were derived with the IRAF task fxcor. This 
program uses the cross-correlation method to measure the 
redshift of the galaxy spectra. A comparison between our 
redshift determination and that taken from NED is presented 
in Figure 5-a. Simultaneously, the measured width (FWHM) 
of the correlation peak is used to estimate the velocity dis- 
persion (FWHM = 2 VTnA a). The width of the peak will be 
related to the broadening of the galaxy absorption lines com- 
pared to the instrumental resolution of the template star, 
i.e., FWHMj BCOr = FWHMj ajals + FWHM? empIate . 

Within the fxcor task the spectra of galaxy and tem- 
plate are continuum subtracted and cut to a user defined 
wavelength range (4350-5250 [A] and 5300-6200 [A], for 
the blue and red observations respectively). Then cross- 
correlation is performed in the Fourier space, and a "square" 
filter is applied to remove large scale variations as well as 
noise from the spectra. The instrumental dispersion of the 
OAGH observations is approximately 100 km s _1 pixel -1 for 
the blue region and 80 km s _1 pixel -1 for the red region^. 
Multiple measurements of the same galaxy were averaged. 
We have adopted the error of the mean as our final velocity 
dispersion error (equation 7). 

We note that the H/3 feature, present in one of the wave- 
length intervals, is known to be a source for severe tem- 
plate mismatch for galaxies with strong Balmer absorption 
(Kuntschner 1998, 2000). Indeed we find some galaxies in 
our sample with very strong H/3 feature, i.e., H/3 > 2.5 A 
(NGC 3156 has H/3 ~ 3.5 A). For the same reason, we also 
have opted to exclude the H7 feature from our velocity dis- 
persion measurements. The red wavelength interval on the 
other hand, encompasses the NaD band, which has an im- 
portant contribution from interstellar absorption (Dressier 
1984). To avoid these template mismatch and contamination 
problems without losing important information from other 
wavelengths, we have removed the H/3 and NaD features 
from the template spectra used for the cross-correlation. 
This way, the weight of the H/3 and NaD regions during 
the cross-correlation in the Fourier space is kept lower in 
comparison to any of the other intense correlation features 
(e.g., the Mg triplet). 

Figure 5 presents the comparison between our kinemat- 
ical measurements and the literature. In panel (a) we see a 
good agreement (inside the errors) of our radial velocities 
and values obtained from NED. To do this comparison we 
have selected in NED the most recent radial velocities de- 
rived from optical spectroscopy. In Figure 5-b we show a 
comparison between our estimated central velocity disper- 
sion and the mean scaled 00 in the compilation by Prug- 
niel & Simien (1996, PS96). In order to compare our mea- 
surements with literature values, we have corrected ao to a 
standard aperture as described by J0rgensen, Franx & Ka- 
jaergaard (1995), which scales a to a normalized diameter 
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Figure 5. (a) Comparison between our measured radial velocities 
and published values, (b) Comparison of our measured central 
velocity dispersions with the cfq from the compilation of Prugnicl 
& Simien (1996, PS96). The average error bar adopted for the 
PS96 compilation is 20 km/s. 

equivalent to 3.4 arcsec projected on to a galaxy in the Coma 
cluster. This correction is generally < 10 km/s for our sam- 
ple. The results agree with those in the literature on a 70% 
level, using a Kolmogorov-Smirnov test. For galaxies show- 
ing ao Si 100 km/s, systematic errors start to dominate as 
our spectral resolution is lower than the measurement, and 
therefore these low velocity dispersions should be considered 
only as rough estimates. Note that there is a small offset in 
Figure 5-b, our ao is on average 16 km/s smaller than in 
PS96. For NGC 3379, we obtain a = 203 ± 7 km/s; Davies 
et al. (1987) find 201 ± 20 km/s; Franx et al. (1989): 220 ± 
3 km/s; Tonry & Davis (1981): 214 ± 15 km/s; Bender et 
al. (1994): 240 ± 5 km/s; and the average value adopted by 
Prugniel & Simien (1996) for the compilation of 17 results 
on NGC 3379 is 221 km/s. We estimate the average uncer- 
tainty in the PS96 compilation to be at least of the order of 
20 km/s from the multiple measurements, whereas our mean 
error bar is 11 km/s (or in logarithmic scale, our mean er- 
ror is 0.024 in a). Thus, we do not regard as important the 
offset between our data and the PS96 compilation. 

Table 7 lists the adopted radial velocities and aperture 
re-scaled central velocity dispersions for our galaxy sample. 



T Note that to measure Lick indices and compare with 
literature data and models we have to degrade the 
resolution of the spectra to the values in Table 4. 
However, to measure velocity dispersion and radial 
velocity we have used our original observations where no 
smoothing of the data was performed. 



5.1 Velocity dispersion correction to the indices 

The observed spectrum of a galaxy is the convolution of 
the integrated spectrum of its stellar population(s) with 
the distribution of line-of-sight velocities of the stars and 
instrumental broadening. These effects broaden the spec- 
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Table 7. Measured radial velocities (vheiio) and central velocity dispersions ((To) scaled to a 
standard circular aperture (see text, Section 5). 
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tral features, in general reducing the observed line-strength 
compared to intrinsic values. In fact, it is well known that 
there is a velocity dispersion dependence on the indices and 
it needs to be corrected (e.g., Gonzalez 1993; J0rgensen et 
al. 1995). In order to compare the raw index measurements 
in galaxies with the model predictions we calibrate the in- 
dices to zero velocity dispersion. The procedure adopted 
here is to broaden the spectra of template stars with gaus- 
sians of 00 = 20-400 km/s in bins of 20 km/s. The indices 
are then measured for each a bin and a correction factor 
is determined. The correction factor has the form C(a) = 
index(cr=0)/index(o-) for indices measured in Angstroms, 
and C(ct) = index(a=0)~index(cr) for indices given in mag- 
nitudes. It is important to stress that derived correction fac- 
tors are only useful if the stars used for the simulations re- 
semble the galaxy spectra. For this reason, we have opted to 



build a composite stellar spectrum template, and compared 
the resulting super-template with the spectra of NGC 3379, 
observed in every run. The super-template was created by 
averaging different stellar-type spectra selected from Table 
3, carefully allocating more weight to the K giant stars. Fig- 
ure 6 shows the dependence of the correction factor on a 
for 25 Lick indices measured in stars; the dotted bars de- 
note the uncertainty range in the correction due to errors in 
the index measurements. A polynomial fitting to the curves 
in Figure 6 allowed for the velocity dispersion corrections, 
which were then added or multiplied (if in units of mag or A 
respectively) to the raw index measurements of the resolu- 
tion corrected galaxy spectra. In this procedure, the errors 
in oo are then propagated to the index errors. 
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Figure 6. Velocity dispersion corrections. The a broadening and index measurements were performed on a composite stellar spectrum 
template that very well matches the spectra of the bona fide elliptical galaxy NGC 3379. The dotted bars represent the uncertainties 
derived from the index measurement errors. The dashed line is used as a visual guide-line for no correction applied. 



6 FINAL CENTRAL ABSORPTION 
LINE-STRENGTH 

To remove any remaining systematic offset between our mea- 
surement and the Lick/IDS, we have compared the measure- 
ments of 25 line-strength indices of our 45 stars observed in 
common with Lick. Generally there is good agreement be- 
tween the two data sets, and only small offsets are found (see 
Figure 7, for an offset-corrected comparison). The mean off- 
sets and associated errors for each index are summarized in 
Table 8. These offsets were then applied to our data. 

The final corrected central r e /8 index measurements 
and associated errors for our galaxy sample are presented 
in the Appendix B in Table B.l. 



6.1 Summary: the sample and Lick indices 

Trager et al. (1998) have demonstrated that index errors 
can masquerade as real trends in the determination of ages, 
metallicities and their correlations with velocity dispersion. 
Here we give special treatment to the H/3- index because this 
index will be used in subsequent papers to infer ages and 
metallicities, using for example, H/3-[MgFe] index diagrams. 
It happens so that the information on H/3 errors is commonly 
used to separate and select the best galaxy data in the liter- 
ature. The sample used by Trager et al. (1998) had a typical 
error of 5H/3 = 0.191 A. A reasonable guide is that H/3 must 



Table 8. Lick/IDS offsets. 
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Figure 7. Comparison between our line-strength measurements and Worthey et al. (1994) for 45 stars in common. Our data were 
corrected for the Lick/IDS offset prior to comparison. The remaining offset and associated 1<t error are shown above each mini-plot. The 
offsets arc summarised in Table 8. 



be accurate to ~ 0.1 A in order to determine reliable ages 
and metallicities. 

Figure 8 shows a histogram of H/3-index errors. These 
errors take into account the errors in the emission correction, 
i.e., we have propagated the errors of the emission correction 
into the new H/3 correct error following eq. 9. The median 
error of the sample is 0.125 A. Previous to the emission 
correction, the median error of our data was 0.086 A. 

The errors in the determination of ages and metallici- 
ties from index-index diagrams will be addressed again in a 
subsequent paper. 

Our survey has the advantage of covering a large wave- 
length range, from ~ 3850 A to 6700 A, giving Ha informa- 
tion which is important for emission correction. Of the 86 
galaxies with S/N ^ 15 (for r e /8 aperture, and per resolu- 
tion element), 52 had H/3-index corrected for emission, the 
corrections varied from as small as ~ 0.1 A to as large as ~ 
3.3 A for NGC 1052; 41 galaxies present [O ill] A5007 emis- 
sion, of which 16 also show obvious Ha emission. Most of 
the galaxies in the sample do not show obvious signs of dis- 
turbances nor tidal features in their morphologies, although 
11 galaxies belong to the Arp catalogue of peculiar galaxies 
(Arp 1966), of which only three (NGC 750, NGC 751 and 
NGC 3226) seem to be strongly interacting. 

We have applied a better method for emission correc- 
tion of the Balmer-line indices than the use of the uncertain 
0.6 x [O ill] estimation. The new correction uses the intensity 
and equivalent width of the Ha index (defined in Table 5). 




0.1 0.2 0.3 0.4 0.5 

H/S error [A] 



Figure 8. Histogram of H/3-index errors (error of the mean per 
galaxy). These uncertainties take into account the errors in the 
emission correction. The median error of the sample is 0.125 A. 

We note that nebular emission could still be affecting the 
ages and metallicities derived from most of the data in the 
literature. 
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Table 10. Kuntschner et al. (2000, 2001) least square fit results. 



In this Section, we will compare log <tq with indices measured 
in magnitudes. Indices originally measured in Angstroms are 
converted to magnitudes as explained in eq. 4, and now de- 
noted with a prime, i.e., H/3 in magnitudes will be called 
H/3'. 

The dynamical properties of galaxy cores are closely 
connected with their stellar populations, implied by the 
relatively small scatter in the colour-<ro, Mg-oo relations 
found in previous investigations (e.g. Terlevich et al. 1981, 
Burstein et al. 1988, Bower, Lucey & Ellis 1992). The promi- 
nence of the Mg-uo relation suggests that other metal line- 
strength indices should also exhibit a correlation with the 
central velocity dispersion. We present in Figures 9 and 10 
the index-cro relations for <Fe>', CNi, two Balmer-line in- 
dices (H/3', Rj' A ), Mgb' and Mg 2 . 

We have performed ordinary least square fits with Y = 
Index', as the dependent variable (hereafter the (Y|X) fit; 
solid line in Figures 9 and 10) and also a fit in which Index' 
is the independent variable (dotted line in Figures 9 and 
10). Isobe et al. (1990) recommend the (Y|X) fit for scien- 
tific problems where one variable is clearly an effect and the 
other the cause. The combination of the regressions of Y on 
X and X on Y allows us to compute the linear correlation 
coefficient R = V bb' , where Y = a + bX and X = a + b'Y. 
Here both regressions are shown to illustrate how different 
fitting methods lead to different results. For the Index'-oo 
relation analysis, we favour the (Y|X) fit method for two 
reasons: (1) consistency with previous authors, as frequently 
they fit their data using the (Y|X) method; (2) at least the 
Mg content of a galaxy seems to be driven by the central po- 
tential of the galaxy (see conclusions of Colless et al. 1999) 
which is approximated by its central velocity dispersion ao- 
The code used to derive the (Y|X) fits is an IRAF imple- 
mentation of the Fortran code by Bevington (1969). Table 
9 presents the (Y|X) fit values and uncertainties for all the 
sample (Es+S0s). 

In Figures 9 and 10 we compare our results with the For- 
nax cluster sample from Kuntschner (2000; 22 galaxies), and 
the 'mixed' galaxy sample from Kuntschner et al. (2001; 72 
galaxies), which includes Virgo and Coma clusters galaxies, 
a few SOs and galaxies in less dense environments. Consis- 
tent with the results of Kuntschner (2000) and Kuntschner 
et al. (2001, 2002), we find a weak correlation between the 
<Fe> index and ao- The slope of the <Fe>' - log ao rela- 
tion is the smallest in Table 9. The Mg2-oo and <Fe>'-<ro 
relations presented here for group, field and isolated galax- 
ies are not significantly different from those of cluster E/SOs 
(see fits plotted in Figures 9 and 10). Nonetheless, the slopes 
of the other relations (except CNi - log ao, which has no 
comparison) are significantly different with respect to pre- 
vious authors, even though all relations are still following 
the trend of increasing metallicity with increasing velocity 
dispersion. 

It is necessary to point out that the shift in the dashed 
lines between the fit of <Fe> and Mgb' indices for K2000 
and K2001 in Figures 9(b) and 9(c) is probably related to the 
fact that, while K2000 are "central" values for the equidis- 
tant Fornax cluster galaxies, K2001 values are for a fixed 
linear aperture as in this paper. We have no explanation 
for the shift in <Fe> indices between K2001 and this work, 



K2000: 






Mg 2 


= -(0.127 ± 0.054) 


+ (0.191 ± 0.023) log a 


Mgfe' 


= -(0.056 ± 0.044) 


+ (0.102 ± 0.020) log a 


<Fe>' 


= +(0.015 ± 0.053) 


+ (0.038 ± 0.023) log a 


H/3' 


= +(0.106 ± 0.015) 


- (0.020 ± 0.007) log ao 


H 7 a' 


= -(0.038 ± 0.044) 


- (0.045 ± 0.019) log a 


K2001: 






Mgb' 


= -(0.163 ± 0.031) 


+ (0.142 ± 0.013) log ao 


<Fc>' 


= -(0.034 ± 0.015) 


+ (0.021 ± 0.006) log a 



other than that K2001 includes a more "mixed" sample of 
galaxies. 

The fit values for the Fornax cluster in Kuntschner 
(2000) and for the field, group and cluster galaxies in 
Kuntschner et al. (2001) are shown in Table 10. 

Figures 9-d and 10-a show the index-uo relations for 
two Balmer-line indices (H/3' and H7a'). Both indices show 
negative correlations with the central velocity dispersion. In 
Figure 10-b, the CNi index correlates with ao almost as 
strongly as Mg2, however with larger scatter. In a subse- 
quent paper we will discuss the sensitivity of CN indices to 
a-elements like Mg. 

Note that on average most SO galaxies have slightly 
lower ao values than the bulk of Es. Remarkably, bulges of 
SOs follow the same general relation with ao as the elliptical 
galaxies. Yet, the peculiar SO galaxy NGC 3156 shows a Mg 
absorption which is too low by 0.080 and 0.040 mag for Mg2 
and <Fe>' respectively. As we will in a subsequent paper, 
this galaxy has a very young (luminosity weighted) central 
stellar population for an early-type galaxy of its brightness 
and velocity dispersion. This may be an extreme case, but 
it demonstrates nicely how the Mg, Fe, H/3, H7 - ao rela- 
tions can be influenced by young stellar populations in the 
centre of the galaxy. We also note that the bulk of galaxies 
in our sample with higher H/3 and H7 index values (i.e., in- 
dicative of younger stellar populations according to single- 
stellar population models [forthcoming paper]) have rela- 
tively small velocity dispersions. We note also that of the 
four galaxies with log a < 2.0 in our sample, two are classi- 
fied as field galaxies (NGC 3599, NGC 4550), and the other 
two are NGC 221, a compact dwarf elliptical, and NGC 3156, 
an outlier galaxy in our sample (c.f., Figures 9 and 10). 

On average our Mg-absorption strength is lower than 
in the Fornax galaxies from Kuntschner (2000). This could 
either be a metallicity or/and age related effect. As we have 
seen, there is a general trend that the presence of young stel- 
lar populations moves galaxies to lower Mg values. Some ex- 
amples of anomalously low Mg-absorption values were previ- 
ously identified by J0rgensen (1997). In agreement with this 
trend, we can also argue that our H/3' values are slightly 
higher (i.e., younger) than the cluster sample. This may be 
one indication that on average our OAGH sample is rela- 
tively younger in comparison to the mean age of galaxies in 
Fornax. 

The bottom panels in Figures 9 and 10 show the residu- 
als from the Index'-oo fits (Y|X). The dashed lines indicate 
the 1-a intrinsic scatter; that is +0.016 and +0.004 mag for 
Mgb' and <Fe>' respectively. We have estimated the intrin- 
sic scatter by requiring 
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Table 9. Least square fit results. 



Index <AIndcx'> <5Indcx'> <<5i> Rt 









[mag] 


[mag] 


[mag] 




Mg 2 = 


-0.198(±0.048)+0.218(±0.021)- 


log cr 


0.024 


0.003 


0.023 


0.75 


Mgb' = 


-0.277(±0.012)+0.190(±0.005)- 


log cr 


0.016 


0.004 


0.016 


0.74 


<Fe>' = 


0.003(±0.014)+0.044(±0.006)- 


log (T 


0.007 


0.005 


0.004 


0.61 


CNi = 


-0.457(±0.069)+0.244(±0.030)- 


log (7 


0.036 


0.006 


0.035 


0.61 


H/3' = 


0.267(±0.028)-0.086(±0.012)- 


log (TO 


0.012 


0.003 


0.011 


0.55 


H 7 a' = 


0.110(±0.033)-0.108(±0.015)- 


log (T 


0.016 


0.004 


0.015 


0.63 



f R is the linear correlation coefficient calculated as R = \J bb', where 

log (to = a + b Index', and Index' = a' + b' log (to. The correlation R varies from to 1. 
<AIndex'>: Average deviation from fit (excluding NGC 3156). 
<5Index'>: Average individual error in the index. 
<5i>: Estimated intrinsic scatter (excluding NGC 3156). 



Table 11. Correlation matrix of the residuals (A) of the log co-Index relations. 





AMg 2 


AMgfe' 


A<Fe>' 


ACNi 


AH/3' 


AH 7A ' 




[mag] 


[mag] 


[mag] 


[mag] 


[mag] 


[mag] 


M s [mag] 


0.17 


0.40 


0.11 


0.17 


0.02 


0.22 


log (to [mag] 


0.08 


0.27 


0.19 


0.03 


0.08 


0.36 


Mg 2 [mag] 


0.66 


0.24 


0.48 


0.46 


0.39 


0.66 


Mgfe' [mag] 


0.57 


0.38 


0.46 


0.39 


0.42 


0.64 


<Fe>' [mag] 


0.45 


0.17 


0.84 


0.32 


0.43 


0.78 


CNi [mag] 


0.59 


0.26 


0.40 


0.71 


0.31 


0.52 


H/3' [mag] 


0.47 


0.21 


0.47 


0.30 


0.82 


0.78 


H7a' [mag] 


0.51 


0.22 


0.67 


0.32 


0.62 


0.94 



Note: Linear correlation coefficients (R) calculated as R = V bb', where 
log (To = a + b Index', and Index' = a' + b' log (to. 
The correlation R varies from to 1. 



V AIndex '* = 1 (14) 
^ SIndex'l + Si 2 ~ { ' 

fc=i K 

where Alndex'^ is the deviation from the fitting relation for 
each galaxy, 5Index' fe are the individual errors in Index', and 
Si is the estimated intrinsic scatter. The values for the intrin- 
sic scatter are shown in the last column of Table 9. Compar- 
ing with previous results, Colless et al. (1999) analysed 736 
early-type galaxies from their EFAR cluster galaxy sample 
with an intrinsic scatter for Mg6' of 0.016 mag. Kuntschner 
et al. (2001), for a sample of 72 early- type galaxies from dif- 
ferent environmental regions, derived an intrinsic scatter of 
0.012 mag in Mg6', smaller than ours by 0.004 mag. 

In Figure 9-a, the Mg2-o"o relation, we also show the 
least square bisector fit by Guzman et al. (1992) from a 
sample of 51 Coma cluster ellipticals. The Coma cluster is 
the densest cluster in the local universe (at average distance 
~ 7000 km/s). The bisector fit by Guzman et al. (1992) is 

Mg 2 = -(0.316 ± 0.003) + 0.260 loga (15) 

The observed scatter for their Mg2-<7 relation is 0.020 
mag. The intrinsic scatter is 0.016 ± 0.002 mag. Guzman et 
al. 's fit is very similar to the results of Colless et al. (1999) 
for the EFAR sample of cluster galaxies. Colless et al. (1999) 
maximum likelihood fit for Mg2-(T relation of 423 cluster 
early-type galaxies is Mg 2 = -(0.305 ± 0.064) + (0.257 ± 
0.027) log (T - 

Note that the slope of our fit for the Mg2-oo relation is 



similar to the slopes of the EFAR and Coma cluster samples. 
However, comparing only the slopes and scatter of the rela- 
tions is not telling us about important differences between 
the samples: we would need to analyse the distribution of 
the galaxies in the Mg-cr relations to infer further conclusions 
about the different environment (cluster, field) . Indeed, most 
of the galaxies in the EFAR sample are clustered around log 
a ~ 2.35-2.40, and go beyond log a — 2.5, which is a slightly 
different range of a values from that covered by our group, 
field and isolated galaxies. We can do a better comparison 
with the Coma cluster sample of Guzman et al. (1992) as 
they list the velocity dispersions and Mg2 index strength for 
their sample. The average log ao in Guzman et al. 's sample 
is 2.32 (error of the mean: 0.02, for a sample of 51 galax- 
ies), whereas in our sample the average value is log (To = 
2.302 (error of the mean: 0.014, for a sample of 86 galax- 
ies). The average Mg2 index strength in the Coma cluster 
sample is 0.282 (error of the mean: 0.004) and in our sample 
is 0.307 (error of the mean: 0.004). Thus, the distribution 
of galaxies in the Mg2-oo relation for high or less dense re- 
gions is very similar. We learn from these comparisons that, 
perhaps surprisingly, cluster, group and field galaxies have 
very similar Mg-cr relations, and environment does not seem 
to be a key parameter here. It is relevant to note here that 
Bernardi et al. (1998) also found, for a large sample of 931 
early-type galaxies, that objects assigned to cluster, group 
or field follow almost identical Mg2-(To relations. 

We note that age and metallicity may conspire to keep 
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the relation tight (Trager et al. 2000b) and hence its use- 
fulness as a probe of different galactic environments may be 
limited. 

What causes the spread in the Index'-cro relations? 

Two obvious potential sources of scatter are age and 
metallicity. In the case of the Mg-cro relation, it has been 
investigated by many authors, but perhaps the best paper 
on this topic is by Bender et al. (1993). They conclude that 
if the spread in the Mg-cro relation at a given ao is due to 
age only then the rms spread in age is only 15% for bright 
dynamically hot galaxies. Alternatively, if the spread is only 
due to metallicity then they infer a rms spread of about 
15% in metallicity. A similar analysis by Colless et al. (1999) 
using up-to-date model predictions and constraints from the 
Fundamental Plane find slightly larger numbers. 

With the help of stellar population models one can 
translate the intrinsic spread in Mg6' for example, at a given 
a, into age and metallicity spreads. To simplify this exercise, 
we assume initially that there are no other sources of scat- 
ter, and that age and metallicity are not correlated, or only 
mildly so (see Colless et al. 1999 for more detailed analysis). 
Using Colless et al. (1999) calibration of Mgb' as a function 
of log age and metallicity, we find for our data set at a given 
a and at fixed metallicity a spread of St/t = 67 per cent in 
age and at fixed age a spread of 8Z/Z — 43 per cent respec- 
tively. Kuntschner et al. (2001) found 49 and 32 per cent 
respectively. 

In Table 11 we investigate the effects that age (in 
the form of the Balmer-line indices, H/3, H7, for example), 
metallicity (using Mg, Fe, as metallicity indicators), abso- 
lute magnitude (Ms), and ao may have on the scatter of 
the Index-cro relations. Table 11 presents the results of the 
linear correlations coefficients (R) from the residuals (A) vs 
M B , log (j , Mg, Fe, H/3, H7 and CN indices. 

In general the residuals of the Index-cro relations better 
correlate with the strength of the Index itself, i.e., AMg2 
shows R = 0.66 for a correlation with Mg2, AH/3' shows R 
= 0.82 for a correlation with H/3', and so on. For the Mg2- 
(Jo, the scatter of the relation grows with decreasing Mg2 
strength. In the case of H/3'-o"o, the scatter grows with in- 
creasing H/3 strength. Note however that our sample, like 
most of the currently available samples, is not complete and 
is still lacking low-luminosity and low-cr galaxies. Another 
work by Concannon, Rose & Caldwell (2000) indicates that 
the spread in age at a given a increases towards the low 
velocity dispersion range. Hence incompleteness at low ve- 
locity dispersions is potentially a source for bias. Finally, 
the correlation of the residuals with H/3 index is not spe- 
cially significant to clearly associate the intrinsic scatters in 
our sample with possible age variations. The same weak cor- 
relations are observed for metal-line indices vs scatter, for 
our sample. 

There may well be other effects responsible for the scat- 
ter, such as variations in the Mg-overabundance at a given 
o"o- We leave further discussion to a forthcoming paper where 
we investigate the relations of ao with age, metallicity and 
a/Fe ratios and the scatter of the Mg-cro relation with age 
and metallicity. 

Finally, we would like to comment on the work of 
Worthey and Collobert (2003), using a compilation of nearly 
2000 Mg-cr relations from the literature to assess the ques- 



tion of the importance of mergers in the formation of early- 
type galaxies. Their simulations suggest that the evolution 
of median Mg index strength is not a good discriminator 
between mergers and passive evolution and that better dis- 
criminator such as Mg-cr scatter and asymmetry require 
samples of more than 1000 objects with accuracies similar to 
today's local measurements to really establish further con- 
straints in the formation scenario of early- type galaxies. 



8 SUMMARY 

We have argued that there is a sparsity of field and group 
galaxies in stellar population studies. Many predictions of 
the hierarchical clustering models compare the properties of 
field, cluster and group galaxies, however most of the field 
and group galaxy data available to date tend to be of lower 
quality than the cluster data. We hope that this work and its 
high quality data will serve as a step to improve the present 
state of knowledge based on early-type galaxies from low- 
density environments. 

We carried out an observationally homogeneous survey 
of 86 local early-type galaxies of mainly group (65), field 
(10) and isolated (8) objects with the aim of determining 
nuclear parameters, kinematic (this paper), age and metal- 
licity gradients (subsequent paper). 

It is important to emphasize that our survey has the 
advantage of covering a large wavelength range, from ~ 3850 
A to 6700 A, giving Ha information which is important for 
emission correction (Section 4.2). 

Most of the galaxies in the sample do not show obvious 
signs of disturbances nor tidal features in their morpholo- 
gies, although 11 galaxies belong to the Arp catalogue of 
peculiar galaxies (Arp 1966) , of which only three (NGC 750, 
NGC 751 and NGC 3226) seem to be strongly interacting. 
Of the 86 galaxies with S/N ^15 (per resolution element, 
for r e /8 aperture), 57 had H/3- index corrected for emission, 
the average correction was +0.190A in H/3; 42 galaxies have 
[O ill] A5007 emission correction, of which only 16 also show 
Ha emission. 

Our data allowed us to apply a better method for emis- 
sion correction of the Balmer-line indices than the use of the 
uncertain 0.6x[Om] estimation. The new correction uses 
the intensity and equivalent width of the Ha index (defined 
in Table 6). We note that nebular emission could still be 
affecting the ages and metallicities derived from most of the 
data in the literature. 

A central aspect of this work is that the determination 
of the errors in all of the measured and derived parameters is 
based on the analysis of the distribution of repeated obser- 
vations. In this paper we are presenting data which have the 
advantage of several repeated observations (measurements) 
per galaxy. On average, to each galaxy we have eight corre- 
sponding spectral frames. 

Our main findings are that the index-cro relations pre- 
sented for low-density regions are not significantly differ- 
ent from those of cluster E/SOs. The slope of the index-cro 
relations shown in Section 7 docs not seem to change for 
early-type galaxies of different environmental densities, but 
the scatter of the relations seems larger for group, field and 
isolated galaxies than for cluster galaxies. 

A thorough analysis of the highest signal-to-noise galax- 
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Figure 9. (a) Mg2 vs log cto; (b) <Fe>' to log cto; (c) Mg6' to log cto; (d) H/3' to log ao relations. The indices are measured in magnitudes. 
The dashed line indicates the fit for the cluster sample of Kuntschner (2000, K2000) and the cluster+field sample of Kuntschner et al. 
(2001, K2001). The dot-dashed line in panel (a) represents the least square bisector fit by Guzman et al. (1992) using a sample of 51 
Coma cluster ellipticals. Two fits are shown for our galaxy sample: the solid line is a normal least square fit with the index as dependent 
variable, and the dotted line is the ordinary least square fit with log ao as dependent variable. The residuals of the relations, shown in 
the lower panels, are calculated with respect to the solid line fits. The dashed lines in the bottom panels indicate the l-cr intrinsic scatter 
in the residuals. 
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Figure 10. (a) Hja' vs log <tq; (b) CNi vs log <ro relations. The indices are measured in magnitudes. The dashed line indicates the fit for 
the cluster sample of Kuntschncr (2000, K2000). Two fits are shown for our galaxy sample: the solid line is a normal least square fit with 
the index as dependent variable, and the dotted line is the ordinary least square fit with log <To as dependent variable. The residuals of 
the relations, shown in the lower panels, are calculated with respect to the solid line fits. The dashed lines in the bottom panels indicate 
the 1-ct intrinsic scatter in the residuals. 



ies with discussions on the age and metallicity determina- 
tions is presented in a forthcoming paper. 
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APPENDIX A: SAMPLE COMPLEMENTARY 
INFORMATION 

Table Al contains complementary information about the 
galaxy sample, including environment information and our 
classification as group, field and isolated galaxy. 



APPENDIX B: FULLY CORRECTED 
LINE-STRENGTH INDICES 

We present the final corrected central r e /8 index measure- 
ments and associated errors for our galaxy sample. The 
Lick indices presented in Table B.l were calibrated to the 
Lick/IDS system, and corrected for velocity dispersion and 
nebular emission (in this case mainly the Balmer lines). 



© 2004 RAS, MNRAS 000, 1-20 



/. Observations and nuclear data 



Table Al. Complementary details of the galaxy sample. 



Name 


Type 


Vrot 


r e 


log R 2 5 


PA 


FPres 


Environment information 






(km/s) 


(") 




(°) 






ESO462-G015 


-5 


- 


21 


0.11 


166 


-0.05 


Isolated 


MCG-01-03-018 


-3 


- 


23* 


0.00 




0.29 


Isolated 


NGC 0016 


-3 


160 


28* 


0.27 


16 


0.02 


Field 


NGC 0221 


-6 


46 


36 


0.13 


170 


0.19 


M32, dwarf companion of M31, group (LGG 11) 


NGC 0315 


-4 


32 


37 


0.20 


40 


0.09 


Group (LGG 14) 


NGC 0474 


-2 


- 


34 


0.05 


75 


0.11 


Arp227, group (LGG 20) 


NGC 0584 


-5 


157 


25 


0.26 


55 


-0.28 


Group (LGG 27) 


NGC 0720 


-5 


48 


36 


0.29 


140 


0.02 


Group (LGG 38) 


NGC 0750 


-5 


40 


27* 


0.10 




0.04 


Arpl66, pair with NGC 0751, group (LGG 42) 


NGC 0751 


-5 


- 


22* 


0.00 




0.20 


Arpl66, pair with NGC 0750, group (LGG 42) 


NGC 0777 


-5 


53 


34 


0.08 


155 


0.15 


Group (LGG 42) 


NGC 0821 


-5 


89 


50 


0.20 


25 


0.28 


Isolated 


NGC 0890 


-3 


- 


34 


0.16 


50* 


-0.17 


Field 


NGC 1045 


-3 


- 


36* 


0.28 


40 


0.19 


Isolated 


NGC 1052 


-5 


101 


34 


0.16 


120 


0.32 


Group (LGG 71) 


NGC 1132 


-4.5 


- 


34 


0.27 


140 


0.06 


Isolated 


NGC 1407 


-5 


30 


70 


0.03 


35 


0.21 


Eridanus group (LGG 100) 


NGC 1453 


-5 


- 


25 


0.09 




0.29 


Group (LGG 103) 


NGC 1600 


-5 


4 


45 


0.17 


15 


0.20 


Field 


NGC 1700 


-5 


75 


18 


0.20 


90 


-0.51 


Group (LGG 123) 


NGC 1726 


-2 


40 


24 


0.12 


170 


-0.10 


Field 


NGC 2128 


-3 


- 


23* 


0.13 


60 


0.51 


Isolated 


NGC 2300 


-2 


6 


31 


0.14 




0.44 


Arpll4, group (LGG 145) 


NGC 2418 


-5 


142 


28* 


0.00 




0.31 


Arpl65, field 


NGC 2513 


-5 


53 


33 


0.09 


170 


0.19 


Field 


NGC 2549 


-2 


115 


17 


0.48 


177 


-0.03 


Field 


NGC 2768 


-5 


78 


64 


0.28 


95 


-0.06 


Group (LGG 167) 


NGC 2872 


-5 


75 


18 


0.06 


22 


0.17 


Arp307, field 


NGC 2911 


-2 


- 


51 


0.11 


140 


0.17 


Arp232, group (LGG 177) 


NGC 2974 


-5 


202 


24 


0.23 


40 


0.21 


Group (LGG 179) 


NGC 3091 


-5 


71 


33 


0.20 


149 


0.27 


Group (LGG 186) 


NGC 3098 


-2 


130 


15 


0.57 


90 


-0.12 


Field 


NGC 3115 


-3 


273 


32 


0.47 


40 


-0.11 


Field 


NGC 3139 


-2 


- 


22* 


0.08 




1.46 


Field 


NGC 3156 


-2 


79 


14 


0.24 


47 


-0.54 


Group (LGG 192) 


NGC 3193 


-5 


80 


27 


0.05 




0.26 


Arp316, group (LGG 194) 


NGC 3226 


-5 


40 


34 


0.05 


15 


0.40 


Arp094, group (LGG 194) 


NGC 3245 


-2 


- 


27 


0.26 


177 


0.09 


Group (LGG 197) 


NGC 3377 


-5 


86 


34 


0.24 


35 


0.03 


Leo group (LGG 217) 


NGC 3379 


-5 


53 


35 


0.05 




-0.18 


Leo group (LGG 217) 


NGC 3384 


-3 


- 


25 


0.34 


53 


-0.23 


Leo group (LGG 217) 


NGC 3412 


-2 


- 


26 


0.25 


155 


-0.38 


Leo group (LGG 217) 


NGC 3414 


-2 


63 


21 


0.14 




0.18 


Arpl62, group (LGG 227) 


NGC 3599 


-2 


- 


24 


0.10 




-0.12 


Field 


NGC 3607 


-2 


108 


43 


0.30 


120 


0.22 


Field 


NGC 3608 


-5 


26 


34 


0.09 


75 


0.27 


Group (LGG 237) 


NGC 3610 


-5 


143 


15 


0.07 




-0.50 


Group (LGG 234) 


NGC 3613 


-5 


141 


27 


0.32 


102 


-0.04 


Group (LGG 232) 


NGC 3636 


-5 


- 


20* 


0.00 




-0.04 


Group (LGG 235) 


NGC 3640 


-5 


114 


32 


0.10 


100 


0.00 


Group (LGG 233) 


NGC 3665 


-2 


103 


29 


0.08 


30 


0.00 


Group (LGG 236) 


NGC 3923 


-5 


- 


50 


0.18 


50 


0.01 


Group (LGG 255) 


NGC 3941 


-2 


- 


23 


0.18 


10 


-0.39 


Field 


NGC 4125 


-5 


97 


58 


0.26 


95 


0.05 


Group (LGG 274) 


NGC 4261 


-5 


69 


36 


0.05 


160 


0.13 


3C270, group (LGG 278) 


NGC 4365 


-5 


43 


50 


0.14 


40 


0.04 


Virgo, group (LGG 289) 


NGC 4374 


-5 


23 


51 


0.06 


135 


0.08 


Virgo, group (LGG 292) 


NGC 4494 


-5 


67 


49 


0.13 




-0.33 


Group (LGG 294) 


NGC 4550 


-1.5 


122 


15 


0.55 


178 


-0.03 


Field 


NGC 4754 


-3 


89 


26 


0.27 


23 


-0.08 


Virgo, group (LGG 289) 


NGC 5322 


-5 


20 


34 


0.18 


95 


-0.07 


Group (LGG 360) 


NGC 5353 


-2 




15 


0.30 


145 


0.03 


Group (LGG 363) 


NGC 5354 


-2 




18 


0.04 




-0.14 


Group (LGG 361) 
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Table Al. Continued. 



Name 


Type 


V ro i 


r e 


log R25 


P A m aj 


FPres 


Environment information 






(km/s) 


(") 




(°) 






NGC 5363 


90.0 




36 


0.19 


135 


0.06 


Group (LGG 362) 


A T /"I /~1 r" A A A 

NGC 5444 


-4 




27 


0.06 


90 


0.17 


Group (LGG 370) 


NGC 5557 


-5 




30 


0.09 


105 


-0.04 


Group (LGG 378) 


NGC 5576 


-5 


14 


18 


0.20 


95 


-0.14 


Group (LGG 379) 


at /~i /~i r r- o o 

NGC 5638 


-5 


62 


28 


0.05 


150 


-0.01 


Group (LGG 386) 


NGC 5812 


-5 


40 


26 


0.06 




0.24 


Field 


NGC 5813 


-5 


36 


57 


0.14 


145 


0.23 


Group (LGG 393) 


NGC 5831 


-5 


27 


26 


0.04 


55 


0.24 


Group (LGG 393) 


NGC 5845 


-4.6 


127 


12* 


0.19 


150 


0.81 


Group (LGG 392) 


NGC 5846 


-5 


4 


62 


0.03 




0.12 


Pair with NGC 5846A, group (LGG 393) 


NGC 5846 A 


-6 


74 


6* 


0.15 


120 


0.35 


Pair with NGC 5846, group (LGG 393) 


Mnn r or a 

NGC 5854 


-1 




15 


0.54 


55 


-0.24 


Group (LGG 393) 


NGC 5864 


-2 




44* 


0.49 


68 


0.24 


Group (LGG 393) 


NGC 5869 


-2 




36* 


0.14 


125 


0.32 


Group (LGG 393) 


NGG 5982 


-5 


45 




0.12 


110 


0.00 


Lrroup (IjVjO 4U2) 


NGC 6172 


-4 




16* 


0.00 




-0.12 


Isolated 


NGC 6411 


-5 


14 


29 


0.10 


70 


-0.18 


Isolated 


NGC 7302 


-3 




13 


0.21 


100* 


0.15 


Field 


NGC 7332 


-2 


134 


15 


0.56 


155 


-0.30 


Field 


NGC 7454 


-5 


23 


25 


0.15 


150 


-0.07 


Group (LGG 469) 


NGC 7585 


-1 




24 


0.07 


105 


-0.09 


Arp223, field 


NGC 7619 


-5 


69 


37 


0.04 


30 


0.29 


Pegasus I group (LGG 473) 


NGC 7626 


-5 


20 


39 


0.05 




0.25 


Pegasus I group (LGG 473) 



References: Morphologies are from the Third Reference Catalogue (RC3). The maximum rotation velocity V ro t is from 
Prugnicl & Simicn (1996). Effective radius r e and the R25 parameter are from Trager et al. (2000b) and RC3 catalog. 
The Fundamental Plane residual FP res was derived from eq.(4) in Prugniel & Simien (1996). The asterisk symbols assign 
estimates made by the authors. Environmental information is from E. O'Sullivan (private communication); the group 
identification was extracted from Garcia 1993 (LGG group number in parenthesis). 
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W 

| 
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Galaxy 


B5 A 




H 7 A 


H 7 F 


CNi 


CN 2 


Ca4227 


G4300 


Fe4383 


Ca4455 


Fe4531 


C 2 4668 


H/3 


Fe501! 




[A] 


[A] 


[A] 


[A] 


[mag] 


[mag] 


[A] 


[A] 


[A] 


[A] 


[A] 


[A] 


[A] 


[A] 


ESO462-G015 


-2.40 


0.15 


-5.85 


-1.43 


0.100 


|j 




1.47 


5.44 


5.31 


1.79 


3.58 


8.21 






4.66 


± 


0.30 


0.43 


0.55 


0.44 


0.011 






0.20 


0.21 


0.45 


0.14 


0.18 


0.18 




■') 


0.25 


MCG01-03-018 


-3.21 


-0.57 


-6.37 


-1.43 


0.124 


; 



16o 


1.29 


5.57 


6.53 


1.78 


4.30 


8.23 




2 


5.16 


± 


0.49 


0.41 


0.52 


0.34 


0.018 





i'r! 


0.07 


0.50 


0.61 


0.41 


0.16 


0.57 





.0o 


0.23 


NGC 0016 


-1.68 


0.62 


-5.56 


-1.23 


0.067 


11 




1.16 


5.18 


5.93 


1.64 


3.62 


8.47 


2 


02 


5.89 


± 


0.24 


0.15 


0.17 


0.03 


0.006 





006 


0.07 


0.05 


0.17 


0.07 


0.20 


0.37 





02 


0.18 


NGC 0221 


-0.90 


1.01 


-3.97 


-0.37 


0.002 





036 


1.07 


4.76 


4.87 


1.31 


3.18 


5.92 


2 




5.81 


± 


0.08 


0.02 


0.09 


0.07 


0.003 





002 


0.01 


0.09 


0.11 


0.04 


0.05 


0.19 





.06 


0.18 


NGC 0315 


-2.49 


0.27 


-5.48 


-0.93 


0.109 





vi 2 


1.31 


5.49 


5.93 


1.87 


4.01 


8.37 


2 


.01 


4.42 


± 


0.48 


0.16 


0.34 


0.19 


0.014 


(J. 




0.09 


0.10 


0.23 


0.17 


0.24 


0.40 





.17 


0.29 


NGC 0474 


-2.41 


0.36 


-5.97 


-1.38 


0.080 





118 


1.32 


5.45 


5.77 


1.64 


4.01 


6.44 


1 


.71 


6.03 


± 


0.17 


0.06 


0.17 


0.10 


0.005 





009 


0.11 


0.03 


0.07 


0.10 


0.25 


0.30 





.10 


0.27 


NGC 0584 


-2.38 


0.38 


-6.04 


-1.45 


0.082 





121 


1.19 


5.51 


5.49 


1.48 


3.73 


8.08 


1 


.90 


6.43 


± 


0.07 


0.14 


0.22 


0.14 


0.002 





001 


0.06 


0.10 


0.14 


0.05 


0.09 


0.23 





.10 


0.05 


NGC 0720 


-3.40 


-0.05 


-6.40 


-1.70 


0.186 


!' 




1.50 


5.28 


6.63 


1.78 


3.74 


9.40 


1 




5.81 


± 


0.20 


0.12 


0.23 


0.07 


0.005 




004 


0.07 


0.27 


0.11 


0.08 


0.22 


0.59 




IS 


0.44 


NGC 0750 


-2.67 


-0.16 


-5.45 


-1.01 


0.093 




; 


1.08 


5.59 


4.60 


1.26 


4.19 


8.29 


: 


s 


4.58 


± 


0.54 


0.17 


0.35 


0.16 


0.010 


u 




0.26 


0.21 


0.56 


0.16 


0.12 


0.36 






0.23 


NGC 0751 


-1.73 


0.00 


-6.49 


-1.57 


0.052 


1 


nan 


0.95 


6.14 


5.81 


1.05 


4.15 


7.48 






3.61 


± 


0.57 


0.38 


0.50 


0.26 


0.009 




mA 


0.17 


0.19 


0.39 


0.08 


0.38 


0.37 




10 


0.34 


NGC 0777 


-2.62 


-0.11 


-5.58 


-1.32 


0.115 




i 


0.99 


4.91 


5.12 


1.52 


4.40 


10.33 




11 


4.18 


± 


0.51 


0.14 


0.45 


0.24 


0.010 






0.17 


0.28 


0.15 


0.05 


0.19 


0.20 




■ , 


0.11 


NGC 0821 


-2.76 


0.18 


-6.20 


-1.50 


0.104 




140 


1.31 


5.36 


6.22 


1.59 


3.75 


8.34 




si 


5.44 


± 


0.33 


0.17 


0.23 


0.15 


0.009 




nn~ 


0.11 


0.24 


0.17 


0.05 


0.15 


0.41 




} 


0.07 


NGC 0890 


-1.01 


0.74 


-4.74 


-0.93 


0.024 





0-.)8 


0.77 


4.65 


4.97 


1.42 


4.13 


8.50 




.19 


6.36 


± 


0.15 


0.12 


0.24 


0.12 


0.004 





007 


0.34 


0.10 


0.30 


0.13 


0.12 


0.47 





.01 


0.81 


NGC 1045 


-2.71 


0.26 


-6.12 


-1.57 


0.099 






1.44 


5.35 


5.56 


1.58 


3.99 


8.01 


!' 




5.58 


± 


0.10 


0.13 


0.13 


0.14 


0.005 





003 


0.09 


0.10 


0.14 


0.09 


0.12 


0.17 





.26 


0.33 


NGC 1052 


-0.45 


1.64 


-5.72 


-0.62 


0.158 






1.12 


5.77 


6.25 


1.59 


3.60 


7.37 


!' 




2.50 


± 


0.58 


0.50 


0.57 


0.48 


0.005 





009 


0.13 


0.29 


0.11 


0.07 


0.12 


0.11 





'!. 


0.09 


NGC 1132 


-2.05 


0.51 


-5.68 


-1.19 


0.070 


u 




0.91 


5.22 


6.07 


1.55 


3.19 


6.53 


1 




3.56 


± 


0.67 


0.55 


0.37 


0.22 


0.014 





008 


0.27 


0.05 


0.63 


0.24 
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